Background: There is a widely held expectation that screening for disease has adverse emotional impacts. The aim of the current review is to estimate the short (< 4 weeks) and longer term (> 4 weeks) emotional impact of such screening.
Results:
Of the 12 studies that met the inclusion criteria, six involved screening for cancer, two for diabetes, and one each for abdominal aortic aneurysms, peptic ulcer, coronary heart disease and osteoporosis. Five studies reported data on anxiety, four on depression, two on general distress and eight on quality of life assessed between one week and 13 years after screening (median = 1.3 years). Meta-analyses revealed no significant impact of screening on longer term anxiety (pooled SMD 0.01, 95% CI -0.10, 0.11), depression (pooled SMD -0.04, 95% CI -.12, 0.20), or quality of life subscales (mental and self-assessed health pooled SMDs, respectively: 0.03; -0.01, (95% CI -.02, 0.04; 0.00, 95% CI -.04, 0.03). Conclusion: Screening does not appear to have adverse emotional impacts in the longer term (> 4 weeks). Too few studies assessed outcomes before four weeks to comment on the shorter term emotional impact of screening.
Background
Screening for disease and estimating disease risk using biomarkers such as cholesterol or blood pressure have formed a routine part of healthcare for over 50 years [1] . The term mass screening is often used when screening involves the examination of large populations or cohorts. The emotional impact of such screening was largely unquestioned until the publication of a paper presenting evidence of increased absenteeism following the detection of hypertension [2] . Since then there have been numerous reports of the emotional impact of screening upon anxiety, depression, intrusive and troubling thoughts, and, amongst children, absence from school and behavioural disturbance [3, 4] .
Screening is a complex event involving those targeted in a range of possible outcomes: awareness of screening; receipt of an invitation; undergoing a screening test; receiving a test result and concern regarding the test result (anxiety over a possible diagnosis as well as potential concern over false positive or false negative results). Awareness of screening appears not to induce emotional distress [5] . Receipt of an invitation for screening may, however, precipitate emotional distress [6] although this is not always the case [7] . More uncertainty and concern exist about the emotional impact of the latter two stages. Individuals can react with concern, anxiety and even depression when informed that they have an elevated risk of developing a disease [8] . While some emotional distress may be helpful, too much can be debilitating [9] . Not only can distress reduce individuals' quality of life, it can also interfere with information processing [10] and hence the ability to be reassured or to make informed choices regarding future treatment options. Emotional distress can also result in people avoiding future surveillance [11] [12] [13] .
Existing reviews of the emotional impact of screening report few adverse effects on generalised and specific anxiety, depression or quality of life [3, [14] [15] [16] [17] . Whilst some studies report an increase in immediate emotional distress, few report distress that is sustained in the longer term. Furthermore, between-group analyses reveal few enduring effects of being identified as having an elevated risk of disease. For example, a meta-analysis assessing standardised differences between those receiving positive compared with negative test results revealed increased anxiety and depression within the first four weeks of receiving test results but no difference after four weeks [3] . These findings stand in contrast to a widespread belief amongst healthcare providers that screening for risk of disease has adverse emotional consequences [18, 19] .
The evidence from these reviews is, however, limited in two ways. First, only a minority included randomised controlled trials (RCTs) [3, 15] and none restricted inclusion to RCTs, thereby limiting the ability to infer a causal connection between screening and emotional outcomes. Second, the dominant comparisons reported are non-randomised comparisons within screened groups, i.e. between those receiving test results indicating an elevated risk of disease (screen positive) and those receiving test results indicating no elevated risk (screen negative). While such comparisons are important for being able to assess and, where necessary, attempt to prevent excess distress, they do not address the question of interest from a population health perspective, namely, whether screening causes distress in populations invited and participating in screening programmes. Estimating this with precision requires comparisons between those randomised to undergo screening and those randomised not to undergo screening. We report here the first such meta-analytic comparison using data from randomised controlled trials.
The primary aim of this review is to estimate the immediate and longer term emotional impact of undergoing screening or risk assessment for disease. To improve upon existing reviews, we include only randomised controlled trials in which a principal analysis reports emotional outcomes of the randomised groups, i.e. trials where it is possible to compare emotional outcomes in those randomised to undergo screening or risk assessment with those randomised not to undergo such testing. The secondary aim is to estimate the emotional impact of receiving an elevated risk (screen positive) test result, by comparing outcomes of this subgroup with those receiving a non-elevated or average risk test result.
Methods

Data sources and searches
An electronic literature search was conducted using MEDLINE via PubMed (1950 to present), EMBASE (1980 to present), PsycINFO (1985 to present) using OVID SP, and CINAHL (1982 to present) via EBSCO. Initial searches used MEDLINE Major Topic terms [Majr] Genetic Screening, Mass Screening, Risk Assessment and screen* which were combined with disease specific terms cancer, diabetes, heart, cardiovasc*, AIDS, HIV, osteoporosis, Huntington*, emotional terms, including emotion*, anxiety, distress*, depression, "quality of life", mood, anger and "distress thermometer" including two measures of emotional distress (GHQ and K10) and publication type "Randomised Controlled Trial". The core search was further limited by excluding the terms fetal distress, postpartum depression, prenatal, newborn, and maternal, as well as decision aid* and intervention* in the title. Search strategies were tailored to individual databases (available on request).
The search yielded 1743 abstracts which were independently reviewed by two authors, with disagreements resolved by consensus. Thirty-nine papers appearing to meet inclusion criteria based on abstract alone were subject to full-text evaluation, resulting in 15 meeting the eligibility criteria ( Figure 1) .
Six of the 15 eligible papers contained insufficient data to be included in the meta-analyses and requests for data were made of the authors. Data were provided for three of the six papers; the remaining three were excluded [20] [21] [22] . Cross-sectional and cited reference searches were conducted on all papers meeting the inclusion criteria.
Study selection
Studies considered eligible for the review were randomised controlled trials (RCTs) in which adults in one arm underwent screening or risk assessment and another did not, and in which one measure of emotion was reported on all participants. Emotion was defined broadly to include measures of general mood states as well as emotional well-being.
Data extraction and quality assessment
Data were extracted (REC) and independently checked (TMM), with disagreements resolved by consensus. Variables of interest included study participants, study design (including number of arms), screening (disease type), emotional outcome (type, time points) and test results (positive or negative).
Risk of bias was assessed by two authors in line with recommended principles [23] . Specific domains examined were: allocation concealment i.e. adequate if allocation is concealed from both participants and researchers at least until the point of allocation to groups; randomisation i.e. evidence of true randomisation, alternative forms of randomisation, including quasi randomisations, were considered ineligible; baseline comparability i.e. comparability of groups at baseline, or alternatively, statistical adjustment for baseline differences; validation of measures i. e. evidence of reliability and validity of primary 1743 publications identified from four electronic databases and hand searches through relevant reviews, commentaries and studies. 
Data synthesis and analyses
The principal analysis involved comparing randomised groups on emotional outcomes. The secondary analysis involved comparing non-randomised subgroups of those who had undergone screening and received either a positive (elevated risk) or a negative (non elevated risk) test result.
Data were pooled for comparable emotional outcomes with effect sizes presented as standardised mean difference (SMD). The I 2 statistic was used to assess the extent of heterogeneity present. Funnel plots were considered, but not reported, due to insufficient meta-analysed study data for meaningful interpretation. Outcomes were categorised as short term (assessed within one month of receipt of test results) and longer term (assessed one month or longer after receipt of test results). Where multiple assessments are reported, the data presented from any one study are those taken as the time point closest to and furthest from receipt of test results.
Sensitivity analyses were conducted to examine the effects of screening approach and disease type. Sensitivity analysis was also conducted to explore the potential impact of attenders versus non-attenders on the primary outcome measures.
Raw data from screened and not-screened groups were combined using a statistical method for one paper [22] to create one overall 'screened' group to facilitate primary analyses.
Results
Characteristics of included studies
Of the included 12 papers (Table 1) , reporting data from 12 studies, nine involved screening for disease [24] [25] [26] [27] [28] [29] [30] [31] [32] and three involved assessing risk of disease [33] [34] [35] . For ease of reading, we describe all 12 studies as assessing outcomes of screening. Ten [24] [25] [26] [27] [28] [29] [30] [31] 33, 34] involved randomisation into two groups (screened and not screened), one [35] into three groups (screening plus/ minus optional health discussion and not screened) and one [32] into four groups (screened, not screened, risk education and screening plus risk education).
Four of the 12 studies assessed the impact of screening for cancer [27, 29, 31, 32] with a further two studies assessing the impact of screening for risk of developing lung cancer, based on results of a genetic test [33, 34] . Two studies assessed the impact of screening for type II diabetes [25, 30] . One study each assessed the impact of screening for abdominal aortic aneurysms [24] , osteoporosis [26] , peptic ulcer [28] , and coronary heart disease [35] . The primary emotional outcomes were depression [24, 25, 33, 34] , anxiety [24] [25] [26] 30, 33] , and quality of life [24] [25] [26] [28] [29] [30] [31] [32] and general distress [35] . A behavioural index of emotional distress (suicide) was reported in one paper [27] .
Anxiety was assessed using the state scale of the statetrait anxiety inventory (STAI) [36] and the anxiety subscale of the Hospital Anxiety and Depression Scale (HADS) [37] . Measures assessing depression included the depression sub-scale from the HADS and the Centre for Epidemiological Studies Depression Scale (CES-D) [38] . Quality of life was measured using the Nottingham Health Profile (NHP) [39] and the Short Form Health Survey (SF-12 and SF-36) [40] . General distress was measured using the General Health Questionnaire (GHQ-12) [41] .
The 12 studies involved 170,045 participants. The mean ages of participants across the studies ranged from 41 to 69 years. The gender mix of participants ranged from 35% to100% female.
Quality assessment of included studies
None of the studies included in the review was judged to have a low risk of bias (table available on request). Three of the 12 studies met four of the five criteria [24, 28, 33] and were judged to have the lowest risk of bias. Five studies met three criteria [24, 26, 27, 30, 35] , three met two criteria [25, 31, 34] , and one met only one criterion [29] . Validation of measures was the most commonly met criterion and was met by all studies, followed by baseline comparability which was met by 10 of the 12 studies. Allocation concealment of participants to trial arm prior to randomisation was the most common risk of bias, with only three studies meeting this criterion.
Of the 12 included studies, nine involved screening for disease [24] [25] [26] [27] [28] [29] [30] [31] [32] and three involved assessing risk of disease [33] [34] [35] . For ease of reading, we describe all 12 studies as assessing outcomes of screening (Table 2) .
Data were pooled for studies reporting the same emotional outcome. Pooling was conducted separately for emotional outcomes assessed in the short term (less than one month after screening) and those assessed in the longer term (beyond one month). The primary comparison was between randomised groups, namely those undergoing screening and those not undergoing screening. Secondary analysis involved non-randomised comparisons between those who had undergone screening and received a positive test result (i.e. one indicating an elevated risk of disease) and those who had undergone screening and received a negative test result (i.e. one indicating no elevated risk of disease).
Anxiety
Only one study assessed the impact of screening on anxiety within four weeks of screening (n = 61) [33] . The pooled SMD was -0.50 (95% CI -1.06, 0.06) indicating no short term impact of screening on anxiety. Five studies [24] [25] [26] 30, 33] assessed longer term anxiety (n = 5,910). The pooled SMD was 0.01 (95% CI -0.10, 0.11), indicating no adverse effect of screening upon anxiety beyond four weeks of screening.
Two studies [25, 33] provided sufficient data to enable quantitative synthesis of short term anxiety by screening test outcome (n = 2,511). The pooled SMD was 0.06 (95% CI -0.02, 0.14) indicating no evidence of short term anxiety in those receiving positive test results compared with those receiving negative test results.
Two studies [24, 33] provided sufficient data to enable quantitative synthesis of longer term anxiety by screening test outcome (n = 1,273). The pooled estimate of the overall standardised difference was -0.05 (95% CI -0.53, 0.44) indicating no evidence of longer term anxiety for those receiving positive test results compared with those receiving negative results. 
Depression
Only one study assessed the impact of screening on depression within four weeks of screening (n = 61) [33] . The SMD was -0.50 (95% CI -1.05, 0.06), indicating no short term impact of screening on depression. Four studies [24, 25, 33, 34 ] assessed depression four weeks or longer after screening (n = 4,342). The pooled SMD was 0.04 (95% CI -0.12, 0.20), indicating no adverse effect of screening upon depression beyond four weeks of screening. Two studies [25, 33] provided sufficient data to enable quantitative synthesis of short term depression by screening test outcome (n = 3,204). The pooled estimate of the overall standardised difference was 0.07 (95% CI 0.00, 0.14), providing marginal evidence for raised short term depression in those screening positive. Two studies [24, 33] provided sufficient data to enable quantitative synthesis of longer term depression by screening test outcome (n = 1,273). The pooled estimate of the overall standardised difference was 0.08 (95% CI -0.03, 0.19), indicating no evidence of increased depression, one month or more after screening.
Quality of Life
There were insufficient data to examine the impact of screening on quality of life within four weeks of screening.
Five studies [24, 26, 28, 31, 32 ] assessed mental quality of life four weeks or longer after screening (n = 14,199). The pooled SMD was 0.01 (95% CI -0.02, 0.04) indicating no adverse effect of screening upon mental quality of life beyond four weeks of screening. Four studies [25, 26, 28, 30] examined the self-assessed health subscales of quality of life four weeks or longer after screening (n = 15,119). The pooled SMD was 0.00 (95% CI -0.04, 0.03) indicating no adverse effect of screening upon general health beyond four weeks of screening. One study reported quality of life using the Nottingham Health Profile (n = 415) [29] . No adverse effect of screening No data were available to examine quality of life in line with test outcome at less than four weeks after receipt of test results. Two studies [24, 31] provided sufficient data to enable quantitative synthesis of mental quality of life by screening test outcome in the longer term (n = 1,379). The pooled estimate of the overall standardised difference was 0.06 (95% CI -0.45, 0.57) indicating little impact of test result on quality of life (mental).
General Distress
No data were available to examine the impact of screening on general distress at less than four weeks after receipt of test results. Only one study assessed general distress in the longer term (n = 784) [35] . The SMD was -0.03 (95% CI -0.15, 0.09), indicating no short term impact of screening on general distress. One study assessed suicide, a behavioural index of emotional distress [27] , with no reported differences found between study arms (OR 0.91 95% CI 0.61, 1.34).
Sensitivity analysis
Sensitivity analysis was conducted to explore the potential impact of screening approach (screening for disease versus estimating disease risk) on the overall results. Removal of studies estimating disease risk [33] [34] [35] had no impact on the primary outcome. Sensitivity analysis was also conducted to assess the impact of measurements on the primary outcome measure as assessed in both non-attenders and attenders versus attenders only. Removal of studies assessing the both non-attenders and attenders [26] had no impact on the primary outcome. Sensitivity analysis was also conducted to investigate the impact of disease type on overall results (i.e. those screening for cancer versus other diseases). Removal of these studies had no impact on the primary outcome with the exception of mental quality of life between screen positive and screen negative groups.
Discussion
We found no evidence that undergoing screening has an adverse emotional impact when assessed four or more weeks after screening. Too few studies assessed 
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Heterogeneity: Tau² = 0.00; Chi² = 1.24, df = 3 (P = 0.74); I² = 0% Test for overall effect: Z = 0.18 (P = 0.85) outcomes before four weeks to comment on the shorter term emotional impact of screening. Subgroup comparisons between those receiving positive and those receiving negative test results reveal a small, transient impact of being informed of an elevated risk of disease, discernible on depression.
These findings are consistent with psychological theories of self-regulation which describe the complex ways in which humans maintain emotional equilibrium while managing threats [42] . Managing threats in the current context includes engaging in behaviours to reduce threats to health, as well as using cognitive strategies to minimise the severity or likelihood of the threat. Both of these can reduce emotional distress. Emotional distress is a common and adaptive initial response to risk notification, but, as replicated in the current review, this has usually dissipated by one month [3] . These findings also reflect those from existing, but disparate and methodologically less robust reviews, which have focused on screening for inherited or genetic conditions [14] [15] [16] 43, 44] . Only one previous review has assessed the impact of screening for a broader range of conditions [3] .
The strength of our review is that it is the first systematic review with meta-analysis involving comparisons of emotional outcomes assessed in RCTs. The findings are therefore more robust than those from existing reviews. The findings of the review may, however, reflect some bias evident in the conduct of the reviewed studies. This includes bias from sampling as well as from the measures used. Only half of the studies reported outcomes on 80% or more of participants. Consequently, pooled comparisons often contain a small number of studies. Examination of follow-up between randomised arms, however, revealed similar levels of attrition between screened and not-screened groups. Of concern is that those lost to follow-up may have been those who experienced higher levels of distress than those who remained in the studies, for which there is some evidence [12, 45] . The studies also varied in the populations sampled in the intervention arm. In some trials, this included attenders and non-attenders [26, 27] and in others, only attenders [21, 22, [25] [26] [27] [28] [29] [30] 33, 34] . The measures used to assess emotional outcomes may have been inappropriate or insufficiently sensitive to detect adverse emotional outcomes. All the included studies used standardised measures of generalised emotional functioning. Such measures are not designed to detect subtle changes, such as worry about health, that do not affect general mood states. The claims that can be made from the current review therefore concern general levels of functioning and not more subtle impacts of screening on worries specifically related to health.
The review was also limited by the relatively large heterogeneity of the included studies, as reflected in the I 2 scores (Figure 2 ), particularly those above 50%. The studies varied greatly in the demographic characteristics of participants, the diseases for which screening was being undertaken as well as the processes of screening. Pooled comparisons combined studies screening for disparate disease types which may have impacted on the findings. Sensitivity analysis revealed no differences in overall results by disease type with the exception of mental quality of life between screened versus non screened groups. Future reviews might consider the impact of disease specific factors such as prevalence and severity, and test specific factors such as sensitivity and specificity factors on emotional responses. One of the studies included was tailored specifically for smokers [33] , a further two involved multiple screening procedures [31, 32] , one of which involved screening for the risk of several diseases [31] . The studies are likely to have varied in the information provided and support offered to participants, but insufficient detail was provided to allow subgroup analysis on this in the current review. Existing evidence suggests this is likely to have affected emotional responses, particularly in the short-term [46] [47] [48] [49] [50] .
Conclusion
The results of this review reduce uncertainty about emotional outcomes and suggest that, provided other criteria for screening are met [51] , there are few if any grounds for not screening on the basis that it has adverse longer term emotional outcomes. 
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